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Cardiac amyloidosis has been termed tke “stiff heart syn- 
drome” because of deposition of amyloid fibrils in the 
ventricular walls (I 1. The physiologic consequence is i 
paired diastolic function that causes congestive heart failure 
with normal systolic function (2,3j. Right ventricular walls 
are commonly infiltrated with amyloid, as shown by in- 
creased right ventricular free wall thickness on two- 
dimensional echocardiography and in autopsy studies (3-S); 
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however, the effeci 01: right ve~t~cu~ar diastolic function is 
unknown. 
oppler echocardiogra~hy to measure 
left (7-14) and right (15.16) ventricular inflow velocities and 
venous flow velocities with respiratory rno~~to~~g (17-20) 
has permitted assessment of left and right ventricular dia- 
stolic function in various diseases. The Doppler flow 
terns that identify restrictive hemodynamics have 
recently validated by cardiac catheterization (14,17). 
Cardiac amyloidosis has been characte 
tive myocardial disease (21) mainly on the 
left ventricular diastolic function (2X23); Aowever, to date 
there have been no large prospective studies designed to 
assess right ventricular diastolic function in this disease. 
Therefore, this study was undert 
ventricular diastolic function in 
amyloidosis by using Dop ler analysis of right ventricular 
inflow and central venous flow velocities. 
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&d;y P&n& Forty-one consecutive patients (28 men 
and 13 women; mean age 58 f 10 years) with biopsy-proved 
systemic amyloidosis and typical echocardiographic features 
of disc involvement were studied between July 1986 and 
May 1987. The echocardiographic features included thick- 
ened ventricular walls (in the absence of hyPertension), 
normal right and left ventricular cavity size, abnormal myo- 
cardial texture and biatrial enlargement. In all patients, a
biopsy of rectum, kidney, subcutaneous fat or bone marrow 
was Positive for amyloid; an endomyocardial biopsy was 
Positive in six patients. 
All patients were on a study protocol and were treated 
with melphalan, prednisone, colchicine or alpha-tocopherol. 
Eighteen patients (44%) had symptoms ofcongestive heart 
failure, Twelve Patients (29%) had decreased lefi ventricular 
systolic function (ejection fraction <50%) as well as de- 
creased right ventricular systolic function. Fifteen patients 
were treated with diuretics, digitalis, nitrates or afterload- 
reducing agents. Four Patients had atrial fibrillation or high 
grade atrioventricular (AV) block. 
~chocardiographlc examlnatlon. Complete two-dimen- 
sional and spectral Doppler echocardiographic studies, in- 
cluding color flow imaging, were obtained mainly with a 
phased array system (Hewlett-Packard) with a 2.5 or 3.5 
MHz transducer. A complete two-dimensional examination 
was Performed as described (24). Subcostal long-axis views 
of the right ventricle, optimized to obtain the maximal 
dimensions of the minor axis just beneath the tricuspid 
valve, were used to derive the right ventricular free wall 
thickness, imilar to the method of Foale et al. (25). The left 
ventricular ejection fraction was calculated by a modification 
of the method of Quinones et al. (26). Right ventricular 
systolic function was assessed by two-dimensional examina- 
tion as normal or decreased. 
DogpIer examination. A complete pulsed and continuous 
wave Doppler examination was performed as described (27). 
The lowest wall filter settings were used to record the flow 
velocities. A heat-sensitive nasal respirometer was used to 
record the phase of respiration simultaneously with the 
Doppler tracing on a strip chart recorder with a paper speed 
of 50 or 100 mm/s. 
To record the right ventricular inflow velocities, the apical 
four chamber o low parastemal right ventricular inflow view 
was used and the pulsed wave Doppler sample volume was 
Placed at the level of the leaflet tips of the tricuspid valve. 
The Doppler beam was directed as parallel as Possible to the 
101~ axis of the right ventricle. 
Left V~twiCU~U~ inflowvelocities were measured from the 
aPi& foU chamber view with the pulsed wave Doppler 
=Ple volume placed at the level of the leaflet ips of the 
mitral valve. 
F/W velocity in the superior venu cave was reco&d 
Table 1. Right Ventricular Diastolic Function Variables Measured 
by the Doppler Technique 
Right ventricular inflow 
Peak E (cm/s) 
Peak A (cm/s) 
Peak E/peak A ratio 
DT (ms) 
Superior vena cava: hepatic vein 
Forward flow velocity 
Peak s (cnlk) 
Peak D (cm/s) 
Peak D2 GXR/S~ 
Forward flow velocity integral 
% FFVI systole 
Reverse flow velocity 
Feak AR (cmk~ 
Peak VR (cm/s) 
Reverse Row velocity integral 
Reverse FVI es % total FFVI 
DT = decelelation time;FFVI = forward flow velocily integml; % FFW 
systole = percentage of forward flow velocity integral insystole. FVI = Row 
velocity integral; Peak A = peak late diastolic flow velocity; Peak AR = peak 
atrial reversal flow velocity; Peak D = peak venous diastolic forward flow 
velocity; Peak D2 = peak late venous diastolic forward flow velocity; Peak E 
= peak early diastolic flow velocity; Peak S = peak venous systolic forward 
flow velocity; Peak VR = peak V wave reversal flow veloci(y; Reverse FVI as 
% total FFVI = reverse flow velocity integal as a percentage of forward f4ow 
velocity integral. 
with the transducer placed in the right supraclavicular region 
with the sample volume at a depth between 5.0 and 7.2 cm 
(28). The hepatic vein flow velocity was recorded in the 
subcostal view with the sample volume in the right superior 
hepatic vein, just proximal to its connection to the inferior 
vena cava (28). 
ppler meas~remen@s (Table I). All measurements were 
analyzed by hand with a computer-interfaced digitizing 
tablet. Mean values were cjbtained by averaging at least two 
beats during inspiration and two beats during expiration for 
three respiratory c cles (12 cardiac cycles). 
The peak flow velocities of the right and left ventricular 
injlows in early diastole (E) and late diastole with atria1 filling 
(A) were measured from the baseline to the maximal f ow 
velocity. An E/A ratio was calculated for each cardiac ycle. 
Deceleration time was measured as the time required for the 
E velocity to decrease from itspeak to the baseline (Fig. 
1A). 
The superior vena cavu and hepatic vein forward flow 
velocities usually were divided into three components: ven- 
tricular systole, early diastole and late diastole (Fig. 1B) (28). 
Venous systolic forward flow (S) was considered to occur in 
the interval from tricuspid valve to opening and was 
derived by superimposing the 
inflow velocity opening and closure signals onto the venous 
recordings. Early diastolic forward flow (D) was considered 
Standar 
Peak S (cm/s) 
lntraobsetver 
3.0 
Bnterobserver 
IO 
Peak 5 kdsls) 3.0 2.0 
2.0 2.0 
3.6 II.8 
Reverse FM as % 2.6 2.9 
total FFVl 
Abbrevia?ions as in Table 1, 
filling with a greater systolic (S) than d
flow during late veat~c~la~ systole 
(AR). Usually, the hepatic vein flow 
flow reversals than does the superior 
represents the forward flow velocity associa?ed with atria! relax- 
ation. WC = tricuspid vake closure; TVO = tricuspid valve 
opening. 
point has been associated wit at t’iow and onset of 
echanical atria) systole 
w, when present, was c 
ems: reversal of 
ave reversal) nd reversal of 
flow during late ventricu 
The peak jiommi a 
superior vena cam and hepafic vein were measured during 
each component ofthe cardiac ycle. Flow velocity integrals 
of the venous recordings were calculated by digitizing the 
contour of the darkest portion of the velocity flow pattern 
during each phase. The percent oft forward flow occur- 
ring during systole and the reverse w as percent of total 
forward flow were calculated for t rior vena cava and 
Tricuspid regurgitation was 
in multiple orthogonal views as 
mild, moderate and severe onthe basis 
regurgi~nt jet in relation to the size of t 
method is similar to tke method of 
mi 
e intraobserver v 
of the Doppler echo~ardiog~~hic data was obtaine 
observer measuring 6 cardiac ycles in 13 sqerior vena cava 
flow velocity tracings on two separate occasions (60 cardiac 
veloc~ttes were very 
between the mean 
variables between 
ngs were recorded inall 
41 patients. The mean heart rate of this group was 82 -C 11 
beatslmin. At least one (and usually both) of the two right 
ventricular inflow velocity variables (E/A ratio and deceler- 
ation time) was abnormal in3 I (76%) of these 
patients (24%) had normal inflow velocity. Th 
mality was a shortened eceleration time compared with 
normal (Fig. 2A). In 21 (68%) of the 31 patients, the 
deceleration time was <I50 ms, indicating restrictive pbys 
ioiogy, and 14 (67%j of these 211 patie 
congestive heart failure, usually New 
tion class I11 or IV. In seven patients 
olonged eceleration time (>2 
r abnormal relaxation 
s had symptoms of c 
heart failure, usually dass II. In three patients, the velocity 
profile had characteristics of both abnormal relaxation and 
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r&Ie 3. Right Ventrhlar Inflow Peak Velocity in 41 Patients With Cardiac Amyloidosis: Changes 
With I&p&ion and With Difference in Right Ventricular Free Wall Thickness 
P&E Peak A 
Group n (cmls) tcm& R/A DT (ms) 
Normal* 40 57 f 8 39 -c 6 I.5 2 0.3 225*28 
Amyloidosis 41 53 f 14 382 17 1.3 i 0.6 163 f 41t 
Effect of Respiration 
tsp. 41 
Exp. 41 
58 f 16# 392 18 I.5 f 0.7 163 k 44t 
48r 13t 37 f 16 1.3 2 0.6 165 2 41t 
Effect of Right Ventricular Free Wall Thickness 
Group I I5 53 + 17 44*19t- ..’ I& G-- - 185 + 386 
Group 2 26 53 + I2 35 I 141 1.4 f 0.711 151 2 37t11 
*Normal population during apnea: tp < 0.01 for difference from normal value: Sp < 0.01 for diierence between 
inspiration and expiration in a~~klosis; !p < 0.05 for difference from normal value; [Ip < 0.01 for difference 
between group 1and group 2. Abbreviations as in previous tables; Exp. = expiration: Insp. = inspiration. Data 
shown as mean values + SD. 
restriction, and one of these patients had mild symptoms of
heart failure. In the total group, the peak E velocity usually 
was greater in inspiration than in expiration, whereas the 
deceleration time was the same in inspiration and expiration. 
However, the deceleration time did shorten further in those 
patients with restrictive physiology. 
The patients were classified into two groups according to 
right ventqkular wall thickness-group 1, normal to mildly 
increased (~7 mm, 15 patients) and group 2, moderately to
severely increased (27 mm, 26 patients). Ingroup 1, peak A 
velocity -was increased and E/A ratio was decreased com- 
pared with normal values (Table 3). Both group 1 and group 
2 patients had a shorter than normal deceleration time; 
however, the group 2 patients had the markedly shortened 
deceleration time characteristic of restriction and different 
from that in group 1. Ten (24%) of the 41 patients-seven of
group 1 and three of group 2-had a normal right ventricular 
inflow velocity profile. 
Superior vena cava flaw veIncIty (Table 4). Analyzable 
superior vena cava flow velocity tracings were recorded 
from all 41 patients, and at least one superior vena cava flow 
velocity variable was abnormal (by &l SD) in 18 (44%). 
Overall, these patients had decreased peak systolic and 
increased iastolic forward filling velocities and increased 
flow reversals during inspiration, suggesting restriction (Fig. 
2B). Seventeen (94%) of the 18 patients had greater diastolic 
than systolic filling velocity, and 11 patients (61%) had 
increased reversals with inspiration. The greater systolic 
than diastolic filling velocity in one patient suggested pro- 
longed or abnormal relaxation (Fig. 3B). In 16 (89%) of the 
I8 patients here was concordance b tween velocity profiles 
of the right ventricular inflow and the superior vena cava 
flow. In those patients with restrictive physiology (deceler- 
ation time ~150 ms), the typical superior vena cava flow 
velocity finding of greater diastolic than systolic forward 
filling velocity was seen in 108% of patients and increased 
reversals with inspiration were seen in 74% of patients. In 
the toti group, abnormalities of the superior vena cava flow 
velocities were present during both inspiration and expira- 
tion (Table 4). These patients also had a decreased (com- 
pared with normal) flow velocity integral during systole as 
well as an increased reverse flow velocity integral relative to 
total forward ilow. 
cv 5). Analyzable hepatic 
vei ve orded from 24 (5%) of 
the 41 patients with cardiac amyloidosis; atleast one hepatic 
vein flow velocity variable was abnormal in 17 (71%) of 
them. Overall, the patients howed ecreased systolic and 
increased iastolic peak forward filling velocities and in- 
creased reversals during inspiration, suggesting restriction 
(Fig. 2C). The flow velocity patterns in the hepatic vein were 
qualitatively similar to those in the superior vena cava (Fig. 
2B and C, 3B and C) except for a greater everse flow 
integral in the hepatic vein. 
TcIcuspid regurgltatlon. Tricuspid regurgitation was de-
tected in ?P (80%) of the 41 patients-mild in 25, moderate in 
7 aad severe in 1. When the eight patients with moderate or 
severe tricuspid regurgitation were excluded from the anal- 
ysis, deceleration time still was shortened (155 f 25 ms), 
characteristic of restriction. 
Effects of left vet&I syst& tIon. Eleven (42%) 
of the 26 patients in group 2 (right ventricular wall thickness 
~7 mm) also showed a left ventricular ejection fraction 
<50%. These patients had a shorter deceleration time(123 f
%9 versus 169 f 41 ms; p c 0.01) and higher E/A ratio (2.12 
1 .O versus 1.3 h 0.4; p c 0.05) than those of group 2 patients 
with normal left ventricular systolic function, 
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Figure 2. Restrictive flow patterns of right ventricular inflow in 
pulsed wave Doppler recordings from patients with cardiac amyloi- 
dosis. A, Right ventricular inflow velocity profile with an increased 
E/A ratio (3.0) and a shortened deceleration time (DT) (130 ms) with 
inspiration (Insp.). R, Superior vena cava flow velocity profile with 
relatively decreased peak systolic (S) increased peak diasiolic 
(D) velocities accentuated in inspiration (Insp.). C, Hepatic vein 
flow velocity profile with relatively decreased peak systolic 6) and 
increased peak diastolic (D) velocities accentuated in inspiration. 
Note the prominent late systolic (VR) and atria1 (AR) reversals of
flow in the hepatic vein tracing with inspiration. Exp. = expiration. 
Fi 3. Abnormal relaxation flow pattern of right ventricular 
di ic function in pulsed wave Doppler recordings from patients 
with cardiac amyloidosis. A, Right ventricular inflow profile with 
relatively decreased peak E and increased peak A flow velocities. 
The EIA ratio was decrease .4) and the dece~e~tion time was 
markedly prolonged (300 ms) uperior vena cava velocity br 
with relatively increased pe systolic (S) and decreased 
diastolic (D) forward filling velocities. C, Hepatic vein flow velocity 
profile with an increased peak systolic (S) and decreased peak 
diastolic (D) forward filling. Abbreviations as in Fignre 2. 
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Table 4. Superior Vena Cava Flow Peak Velocity in 41 Patients 
With Cardiac Amyloidosis 
Forward Flow Reverse Flow 
AR VR 
n s (cm/s) D (cm& (CW Ws) 
Normal 
Insp. 40 53 2 IO 34 2 9 9?6 0.2 2 0.7 
Exp. 40 43 r 9 21 r 8 I5 + 5 224 
Amyloidosis 
IVSV. 41 35 2 22* 37 + 17t I5 + 8* 6 f 8$ 
EXp. 41 29 2 18* 27 f 16t: 16 f 12 6 f 8$ 
*p < 0.01 for difference from normal value; tp < 0.05 for difference 
between inspiration and expiration; Sp < 0.05 for difference from normal 
value. AR = reverse Row during contraction; VR = reverse flow during 
ventricular systole. Other abbreviations as in previous tables. Data shown as 
mean values + SD. Peak Dz values are not shown. 
Comparison f left and right ventricular diastolic function 
flow patterns, In 35 (85%) of the 41 patients with both right 
and left ventricular inflow recordings, the flow velocity 
patterns (restriction, ormal or abnormal relaxation) were 
qualitatively similar-i.e., restriction on both sides of the 
heart. Of the six patients (15%) with discordant fiows, five 
showed restriction on the left side with a normal filling 
pattern on the right side. These patients all showed ispro- 
portionately greater left ventricular than right ventricular 
wall thickness. One patient showed an abnormal relaxation 
left ventricular flow pattern with a normal right ventricular 
flow pattern and increased pericardial thickrless by two- 
dimensional echocardiography. 
This study clearly demonstrates, by using pulsed wave 
Doppler analysis of right ventricular inflow and superior 
vena cava and hepatic vein flow velocities, that there is a 
range of right ventricular diastolic filling abnormalities in 
Table 5. Superior Vena Cava and Hepatic Vein Flow Velocity 
Integrals in 41 Patients With Cardiac Amyloidosis 
Superior Vena Cava Hepatic Vein 
% FFVI in Reverse FVI as Reverse FVI as 
n Systole % Total FFVI n % Total FFVI 
Normal 
Insp. 40 62 + 8 313 40 14 f 7 
Exp. 40 702 12 11 27 40 21 +9 
Amyloidosis 
Insp. 41 50 2 27* 15 f 14t 25 36 + 27f 
Exp. 41 52 + 27t 18 + 15t 25 59 2 38* 
*p < 0.01 for difference from normal value; tp < 0.05 for difference from 
normal value; Sp < 0.05 for difference between inspiration and expiration. 
Abbreviations as in previous tables. Data shown as mean values + SD. 
patients with echocardiographic evitience of cardiac amyloi- 
&is. The predominant filling abnormality showed restric- 
tive physiology and was related to the advanced stages of 
disease as measured by increased right ventricular free wall 
thickness (31,32). 
inflow velocities. Recent studies (17-20) 
ha the utility of measurizlg ri ht ventricular 
inflow velocities by pulsed wave Doppler echocardiography 
with respiratory monitoring in assessing impaired diastolic 
function in cardiac tamponade, constrictive pericarditis and 
restrictive myocardial diseases. In our study we found 
abnormalities of right ventricular in ow velocities in 76% of 
41 patients. The predominant abnormality was a hortened 
deceleration time, characteristic of restrictive physiology, in
68% of patients with abnormal diastolic function; 67% of 
them showed marked evidence of heart failure. The short- 
ened deceleration time of the rapid filling (E) wave reflects 
rapid equalization of the right atria1 to ventricular pressure 
gradient seen in restrictive cardiomyopathy and is analogous 
to the hemodynamic dip and plateau pattern (17). This 
pattern was exclusively seen in patients with moderate to 
severely increased right ventricular f ee wall thickness (27 
mm), characteristic of advanced disease. 
In contrast, in 23% of the 31 patients with abnormal 
diastolic function, the predominant pa tern was a decreased 
E/A ratio, a prolonged deceleration time and an increased 
atria1 (A) filling velocity suggestive of abnormal relaxation 
(33,34). This pattern is nonspecific and is similar to Doppler 
characteristics n patients with hypertrophy who have dis- 
eases uch as hypertension, hypertrophic obstructive cardio- 
myopathy or aortic stenosis in which prominent atriai con- 
traction is important for ventricular filling (7,9-11). In our 
study, patients with normal to mildly increased right ventric- 
ular free wall thickness (~7 mm) were more likely to have 
this abnormal relaxation pattern, suggesting that early amy- 
loid infiltration was interfering with the relaxation process 
(35). Previous studies have demonstrated that relaxation 
abnormalities may be the earliest form of cardiac dysfunc- 
tion in various diseases (34,35). 
Effects of respiration. Compared with expiration, during 
inspiration there was an exaggeration f the increase inpeak 
E velocity as the result of increased right atria1 filling 
secondary to decreased intrathoracic pressure. We did not 
find shortening ofthe deceleration time in the whole group in 
inspiration compared with expiration because ofthe variable 
degrees of cardiac amyloidosis n our patients; however, 
there was further shortening of the deceleration time with 
inspiration i patients with restrictive physiology. A similar 
finding reported by Appleton et al. (17) in 14 patients with 
restrictive cardiomyopathy was related to the sudden change 
and increase in the right ventricular rapid filling wave. These 
data suggest that the right ventricle is unable to accommo- 
date the increased venous return without an abrupt increase 
in pressure. 
JACK Vo 
January I 
and accurate assessment of rig 
bination with right ve~t~c~~ar i 
contraction (28,W). 
The results of this study 
had alteration of superior vena cava 
predominant pattern showing a gre 
c~diomyopatby (38). T 
patients with restrictive 
mm). 
Eficts of respiration. T 
was increased in inspiration 
ondary to increased right 
ever, there was no than 
systole during inspiration co 
verse flow velocities, normally 
expiration (29, were marked1 
normal and occurred in 
those patie restrictive physiology (dece~erat~~~ ime 
c 150 ms), increased revei sc.ls of flow with inspira- 
tion. These findings uggest abnormal right ventricular com- 
pliance with inspiration at the time of late ventricular sys- 
tolic and with atrial contraction. 
The flow reversals during the ree$ratory cycle were 
greater in the hepatic vein than in the superior vena cava,  
finding similar to that described by Appleton et al. (28) in IL 
normal subjects. They suggested hat tht greater reversals in
the hepatic vein were due to its closer proximity to the right 
atrium, to decreased hepatic vein compliance or to the 
subdiaphragmatic location of the hepatic vein causing de- 
creased respiratory change in response to intrathoracic 
pressure. 
The large diastolic reversals w in the superior vena 
cava and hepatic vein also imp1 the right atrium is able 
to contract. Thus, atrial systolic failure due to amyloid 
infiltration of the atria is not a likely mechanism toexplain 
ardiac amyloidosis (39). 
al venom 
the right 
ventricular filling and the more proximal central venous 
filling--i.e., increased right ventricular inflow peak E veloc- 
atients. In eight patients (24%), the 
oderate or severe 
(10) to occur with mitral 
id regurgitation can in 
ilc vein flow velocities 
diastolic function. Grou ith impaired left ven- 
tricular systolic functio 
systolic function) dem ore restrictive filling 
pattern than did p I systolic function. This 
finding suggests a ~nterventricu~ar depen- 
dence on ventricular filling (42-44) and the i 
systolic events on t e diastolic relaxation p 
heart (35). It also phasizes that, as ca 
progresses into its advanced stage, both diastolic and sys- 
tolic function beco 
ecus. Recently (45), we described left ventricular 
filling abnormalities n 53 patients with cardiac 
amyloidosis that were related to the degree of amyloid 
infiltration ofthe left ventricular walls. In the present study, 
34 (85%) of the 41 patients had similar inflow patterns for 
both right and left ventricles. In six patients there was a 
discordance of filling patterns with a predominant restrictive 
pattern on the left and anormal pattern on the right side of 
the heart. These patients demonstrated greater amyloid 
infiltration i the left than in the right ventricular walls. This 
ssymmetric amyloid infiltration explains the isolated restric- 
tion to filling on the left side of the heart. 
In one patient with increased pericardial thickness, peri- 
cardial involvement could be responsible for t 
filling patterns (19). Recent investigations (42-44) have dem- 
onstrated that alterations on one side of the heart may 
influence the filling pattern on the other side because of 
interventricular dependence and displalcement of the ventric- 
ular septum. 
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M&W ad evolution of disease. The mechanisms 
for the abnormalities in right ventricuhu diaStOiiC filling in 
&ix amyloidosis have not been clearly delineated. In 
patients with normal to mildly increased right ventricular 
free wall thickness (group I), the relaxation process may k 
altered by amyioid eposition to affect calcium fluxes or t0 
ause nonuniformity between contraction and relaxation of
myocardial ceils (35), resulting in delayed early ventricular 
fil:ing and prominent filling with atrial contraction as a 
compensatory mechankw W. In contrast, in patients with 
a m&rate to severe increase in right ventricular free wall 
thickness (group 2), there may be massive infiltration of the 
myocardium with amyloid zutsing pressure necrosis of 
myocardial cells (46) tc produse a firm, poorly compliant 
right ventricle, resulting in rapid early filling and then 
subsequent restriction to filling (21-23,32). 
In addition, 10 patients (24%) showed a normal right 
ventricular filling pattern. This pattern may represent an 
intermediate stage of right ventricular diastolic impairment 
and thus be referred to as “pseudo-normal” (14). We hy- 
pothesize that, with increasing amyloid infiltration of the 
right ventricular walls, the right atrial tilling pressures will 
increase because of the decreased right ventricular compli- 
ance. This will result in a “pseudo-normalization” of the 
right ventricu’ar inflow velocity and masking of abnormal 
relaxation. With further progression f the disease, there is a 
gradual evolution to the restrictive process (14). 
Liitations of the study. A major limitation isthe lack of 
simultaneous invasive right heart hemodynamic data and 
right ventricular diastolic filling recordings. However, in a 
recent study (14), left ventricular diastolic Doppler flow 
profiles were corroborated by invasive studies in normal 
subjects and in patients with coronary artery disease, idio- 
pathic congestive cardiomyopathy, restrictive myocardial 
disease or a cardiac transplant. 
Only six patients (15%) had endomyocardial biopsy to 
co&m cardiac involvement by systemic amyloidosis. Re- 
cent work from our institution (3) has demonstrated that 
patients with systemic amyloidosis with typical echocardio- 
graphic features of cardiac involvement are confirmed by 
autopsy or endomyocardial biopsy. 
the 
There are several dificulties in accurate measurement of 
right ventricularfree wall thickness and right ventricular 
dimensions (25,471. Considerable variability inmeasurement 
occurs in normal subjects depending on the echocardio- 
graphic view of the right ventricle (25). In this study, 
increased right ventricular free wall thickness was measured 
only in the ~ubcostal view and this could have influenced our 
results. Because of this possibility, the right ventricular free 
wall thickness was considered as a range from normal to 
mildly increased (~7 mm) and moderately to severely in- 
creased (27 mm), similar to previous studies at our institu- 
tion (%5). This arbitrary division may explain why there was 
some overlap in right ventricular filling patterns in the two 
groups. 
A multitude of variables could have influenced right 
ventricular filling in our patients with cardiac amyloidosis. 
These include the aging process, loading conditions and 
heart rate, as well as technical factors uch as the position of
the pulsed wave Doppler sample volume (40, 48-51). We 
clearly demonstrated that increased right ventricular wall 
thickness i a major-but not the sole-determinant ofright 
ventricular diastolic function. The aging process and increas- 
ing heart rate are well known to influence left ventricular 
filling, resulting in decreased arly 
eration time and a shift of filling 
contraction (49,50). Our study pati 
higher heart rate than that of the control group, and these 
factors could have influenced the tilling patterns in the seven 
patients with abnormal relaxation. However, they cannot 
account for the restrictive pattern seen in 76% of patients 
with abnormal diastolic function. 
Conclusions. In a large group of patients with cardiac 
amyioidosis, there is a wide range of right ventricular filling 
abnormalities that are related to the degree of amyloid 
infiltration as measured by increased right ventricular f ee 
wall thickness. The major filling abnormality shows restric- 
tive physiology and is seen in the advanced stages of the 
disease. An abnormal relaxation or a pseudo-normal filling 
profile may be seen in earlier stages of the disease. These 
results uggest that amyioid infiltration is a diffuse process 
causing impairment ot only of the left ventricular, but also 
of right ventricular diastolic fun tion. These changes could 
be followed serially to monitor progression r stabilization f 
the disease process, to predict prognosis (52) or to follow 
response to treatment. 
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